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1. In troduction
Thermodynamic excess prop)erties of the binary liquid mixtures 
liavc* been very useful to obtain information on the intcrmolecular 
micmclions and geometrical effects in the systems [1 , 2 ]. 
Solvenis like 2-ethoxyelhanol (EE) commercially known as 
\dIosolves\ are widely used as components of solvents, co- 
crnulsjfiers and stabilisers of emulsions, dyes and lacquers [3]. 
Hicy can be considered to be ethylene glycol derivatives 
obtained by the replacement of one of the hydroxy groups by 
alkoxy group. Their molecules contain both hydroxylic and 
ether groups (as well as an alkyl group). The cellosolves in their 
pure state, are self-associated and form cyclic dimers in which 
fhc hydroxy proton of one cellosolve molecule is bound to the 
oxygen atom of the other 14-7]. They can also form 
'uiiamolecularly hydrogen bonded five membered ring 
uinnomers (4,5,8-lOJ. In view of their properties and structure
2-eihoxyethanol is often regarded as ‘quasi-aprotic’ solvent 
On the other hand N,N-dimethylacctamide (DMA) is a 
'^Pi>lar aprotic solvent and due to the moderate dielectric 
^^ 'nsiant (e = 37.8 at 298.15K) [1 2 ], it is likely to be moderately 
"‘iructured. In this paper, we made an attempt to study the
‘^Jnesponding Author
behaviour ol a dipolar aproiic solvent in a binary mixture with 
a ‘quasi-aprotic’ solvent over the entire range of their 
compositions at 298.15,308.15 and 318.15K by measurement of 
their densities, viscosities and ultrasonic velocities. From these 
experimental data excess volume ), exce.ss viscosity {At)), 
excess intcrmolecular free length (Ly) and isenlropic 
compressibility changes ()3 '^) were calculated. The close 
relationship of N,N-dimeihylacelamide to peptide linkagel 13] 
also has another im portant dimension to the present 
investigation.
2. Experimental
N,N-dimethyIacelamide (SRL, India) was shaken well with 
charged CaO (AR, BDH) for 1-2 hours, kept overnight, decanted 
and distilled twice. The middle fraction was collected and used. 
Its density (936.4 Kg m‘ )^ and viscosity (0.9329 x 10^  ^Kg m * 
s ’) at 298.15K compared well with the literature values [ 12]. 2- 
cthoxyethanol (Merck, India) was kept overnight with anhydrous
K.^C0 3 , decanted and distilled in an all glass distillation set and 
the middle fraction was collected. The purified solvent had a 
density 925.0 Kg [14] and a viscosity 1.8243 x 10‘^  Kg m'  ^
S-* at 298.15 K.
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Densities were measured with an 
Oslwald-Sprengel type pycnomeier 
having a bulb volume ol about 25 
cm^ and an internal diarneicr of the 
capillary of about 1 mm The 
pycnometer was calibrated at (298 15, 
308.15 and 318.15)K with triply 
distilled water and ben/enc. 1 ’he 
reproducibility of the density 
measurement was ± 3 x 10 * g enr^ 
The temperature of (he ihcrnmslalic 
bath was controlled to ± 0 OIK of 
the desired temperature
7’he kinematic viscosities were 
measured by means of a suspended 
-  level Ubbclohdc viscometer with 
a How time of about 539s foi distilled 
water at 298 15K. I'he time of efOux 
was measured with a stop watch 
capable of recording ± O.ls. The 
viscometer containing the lest liquids 
was always kept in a vertical position 
and was allowed to stand for about 
30 minutes in a thermostatic water 
bath controlled to ± OOIK so that 
the thermal fluctuation in the 
viscometer was minimized. The 
estimated error of the viscosity 
measurements was ± 0.2^ /^  . Sound 
velocities were measured, with an 
uncertainty of ± 0.3^/r, using a single- 
crystal variable-path ultrasonic 
interierometer (Mittal Hnterprises, 
New Delhi) operating at 4MHz, 
which was calibrated with water, 
methanol and benzene at each 
tem perature 'fhe tem perature 
stability was maintained within ± 
O.OIK by circulating thermostated 
water around the cell w'lth a 
circulating pump.
In all cases, the experiments were 
performed at least in five replicates 
for each composition and at each 
temperature, and the lesulls were 
averaged.
3. Results and discussion
The experimental values of density 
p ,  viscosity r f , and ultrasonic 
velocity u, of pure liquids and their 
binary mixtures at three different 
temperatures, have been used t<^ 
calculate the values of isentropic
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compressibility p ,  intermolecular 
free length relative association 
acoustic impedance Z and molar 
sound speed using the following 
standard relations :
P = M ir p .
L, = K !u p ''^ ,
= ( p /P o ) ( “o ^ “ )
Z - u p ^
]/3






where K is a temperature-dependent 
constant |= (93.875 + 0.375T) x ICT* 
[ 151, r i s  the absolute temperature;
and are the densities 
and ultrasonic speeds of the solvent 
( 2 -ethoxyethanul) and solution, 
respectively. The molar volume (V) 
of the binary mixtures was calculated 
using the equation
(6)
l i i b l f  2.  C o c f f i c i e n l j .  A o f  e q  ( 8 )  a n d  s t a n d a r d  d e v i a t i o n s  C T ( y ^  f o r  b i n a r y  m i x t u r e s  N , N -  
L i i im ih v l j L C la m id c  + 2 - e l h o x y  e t h a n o l  a t  2 9 8 . 1 5 ,  3 0 8 , 1 5  a n d  3 1 8  1 5 K
where M, and are ihe molecular 
masses of pure substances and p is 
ihe density of the mixture. The
values of p , r j , w , j 3 , a n d  
R  as a function of mole fraction X.rn I
of DMA at 298.15.308.15 and 318.15K 
arc listed in Table 1. The nonlinear
increase/decreuse in p ,t] ,u ,p ,L f, 
Ra ^Z and values (Table 1 ) with 
composition indicales significant 
interactions between the component 
molecules.
The excess functions are found 
to be more sensitive towards 
intermolecular interactions in liquid 
mixtures. The excess volume 
excess intermolecular free length l ) » 
viscosity deviations Atj and excess 
isentropic compressibility p ^  have 
been calculated using the following 
relation :
(7)
where is V^or Uj or Arj or ; 
jc is mole fraction of pure solvent in
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the mixture and subscripts 1 and 2 stand for DMA and 2- 
ethoxycthanoi respectively.
Graphical representations of jJj.Ar] and AP as function 
of mole fraction of iV,/V-dimethylacetamide are given in Figures 
1-4, respectively
F i g u r e  1.  V a r i a t i o n  o f  e x c e s s  v o l u m e  ( V ^ )  versus m o l e  f r a c t i o n  (A j ) o f  
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F i g u r e  2.  V a r i a t i o n  o l “ i n t e r m o l e c u l a r  f r e e  l e n g t h  ) versus m o l e  f r a c t i o n  
{x^) o f  D M A  a t  2 9 8  1 5 K  ( •  ) ; 3 0 8  1 5 K  ( ■ )  . 3 1 8  1 5 K  ( a )
where A^ are adjustable parameters. These parameters 
were evaluated by fitting /  x, (1 -  jc,) to eq. (8) by the method 
of least squares. The values of these parameters along with 
standard deviation <t(K^) of as defined by the equation
(9)
are recorded in Table 2. In eq. (9), N is the total number of 















F i g u r e  3 .  V a r i a t i o n  o f  e x c e s s  v i s c o s i t y  ) versus m o l e  f r a c t i o n  (a , ) o f  
D M A  a t  2 9 8  I 5 K  ( • )  , 3 0 8 . 1 5 K  ( ■ ) , 3 1 8 . 1 5 K  ( A )
The excess properties were fitted to the Redlich -  Kister 
equation [15]
= x,(1-JC,)SA/1- 2x, )7 (8)
F i g u r e  4 .  V a r i a t i o n  o f  excc.s.s  i s e n l r o p i c  c o m p r e s s i b i l i t y  ( . 4 ^ )  vurhus 
m o l e  f r a c t i o n  (a , ) o l  D M A  a t  2 9 8 , 1 5 K  ( • )  ; 3 0 8  1 5 K  (■ ), 3 1 8  15K  (a i
It is observed from Table 1 that u and Z increase while 
/3, Lf ,R/( and decreases as mole fraction Uj) of DMA 
increases in the mixture The decrease in p  and 7.^  with ni llw 
present investigation, indicates significant interaction between 
DMA and EH molecules. The addition of DMA to alkoxy alkanul 
tends to cause breaking of self-associated alkanol molecules 
with a consequent increase in u and L^ . However, because ol 
simultaneous formation of strong hydrogen bonds between ihc 
unlike molecules, there is a compensating effect resulting m an 
overall decrease in P and or increase in w with The rise 
in temperature makes the intermolecular free length to increase 
as expected due to the thermal expansion of the liquid medium 
In the present investigation, relative association R^ is found lo 
decrease with mole fraction of DMA at all the three temperatures 
The result signifies that unlike inter-actions are relatively weak 
compared to like interactions in the studied mixture. A slight 
increase in Z with also supports weak interaction between 
DMA and EE molecules.
The system MA^-dimethylacetamide + 2 -ethoxyethanol 
shows negative and values over the entire range ol 
mole fraction and over the range of temperatures studied as 
given in Figures 1 and 2. The system shows broad minima o\ 
and at a mole fraction of about 0.5 and 0.4 of DMA 
respectively. The observed and values may be explained 
from several effects which can be divided into physical, chemical 
and geometrical contributions. The physical interactions 
involve mainly dispersion forces giving a positive contribution
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and ■ The chemical or specific interactions result due 
,p forming and/or breaking of hydrogen bonds and other 
complex-forming interactions. It is well known that alkoxy 
cihanols exist as associated structures likethealcohols [11,16] 
in ihc liquid state; the association may be due to the 
intramolecular hydrogen bond formation between the ether 
(wygen atom and the -  OH group. The interaction between a 
moderately structured DMA and 2-ethoxyelhanol may disrupt 
the hydrogen bonds in 2 -ethoxyelhanol m olecules, 
jceompanied by weak hydrogen bond formation between the 
unhide molecules and thus offer a negative contribution to 
jpjand/-/'
The MA^-dimethylacetamide + 2-ethoxyelhanol system 
jisphvys a sharp positive deviation of Arj over the entire mole 
tijcrion range and over the three temperatures investigated 
(1 i»urc3). The positive deviation from a rectilinear dependence 
on mole fraction of DMA indicates the predominance of 
(udiogen bonding interactions between the unlike molecules 
(DMA and EE) over the dis.sociation effects in the system, 
With the rise in temperature, the Ar] values become less and 
less positive indicating a tendency of the decrease of these 
intL-ractions thereby the system approaches ideal behaviour. 
Ihc results of deviations in isentropic compressibility versus 
mule Iraction of DMA has been represented in Figure 4 The 
lii!iire shows that the values of AP are negative over the entire 
a)mposition range and at all the three studied temperatures, 
suggesting a predominant hydrogen bond interaction between 
DMA and 2-cthoxyethanol and thereby causing an increase in 
ihc ullrasonjc velocity and a decrease in the compressibility of 
ihis solution. The process continues until the minima is reached 
and then these parameters follow the reverse trend.
Thus from the present investigation, it may be concluded 
that due to the presence of highly polar ether group in 2 - 
cihoxyethanol molecule, the hydrogen bonding interaction is 
playing a predominant role over dispersion and other forces
that are likely to be operative innon-aqueous solvent mixtures. 
This interaction accompanied by a minor disruption of 2- 
ethoxyethanol structure is responsible for the negative 
contribution of excess values in the experimental data.
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